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QGP Thermometer

•quarkonia is much more than a QGP signature
•if color screening effect can be isolated quarkonia can be a 
more direct gauge for QGP temperature

from 35 papers
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  J/ψ  Suppression in Au+Au
Competing effects:

χc  ,ψ’  

feed-down
suppression

initial-state
effects

break-up
in hadrons ??

charm 
coalescence,
regeneration

Color 
Screening
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  Isolating the color screening
Needs variation of:

•collision species to study the path length 
dependency of the quarkonia suppression

•collision energy where some of the suppression 
effects are reduced or enhanced

•rapidity which strongly depends on initial state 
effects
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RHIC ions – 6 species and 15 energies to date
238U92+−238U92+    first time in 2012, 3 weeks physics
  96.4 GeV/nucleon
197Au79+−197Au79+

  3.85, 4.6, 5.75, 9.8, 13.5, 19.5, 27.9, 31.2, 65.2, 100.0 GeV/nucleon
63Cu29+−197Au79+  first time in 2012, 5 weeks
  99.9/100.0 GeV/nucleon
63Cu29+−63Cu29+

  11.2, 31.2, 100.0 GeV/nucleon
d−197Au79+

  100.7/100.0 GeV/nucleon
p−p
  31.2, 100.2, 204.9,  249.9, 254.9 GeV

Can collide any species from protons 
(polarized) to uranium
 – with each other or with another species 

from Wolfram Fischer talk in Forward Physics at RHIC,BNL - 07-31-2012
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1.2<|y|<2.2      ΔΦ=2π

|y|<0.35       ΔΦ=2xπ/2 

PHENIX can measure 
quarkonia from zero 

momentum

dilepton decays: J/ψ,ψ’,Υ
radiative decays:χc -> e+e-γ
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p+p Collisions
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  Extended pT J/ψ Polarization

Big experimental and theoretical uncertainties.
No conclusion about charmonium formation mechanism from 
polarization measurement
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d+Au Collisions
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 EPS09 + J/ψ breakup in hadronic matter qualitatively describes 
Minimum Bias RdAu data

  Probing the initial state
d+Au

√
sNN = 200GeV
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Significant Cronin effect 

• RdA increasing with pT is larger than what is expected from 
shadowing/anti-shadowing 

• result can explain the larger J/ψ RAA at high pT in A+A

Phys. Rev. C 87, 034904 (2013)

Final-state effects in cold nuclear matter

http://prc.aps.org/abstract/PRC/v87/i3/e034904
http://prc.aps.org/abstract/PRC/v87/i3/e034904
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Final-state effects in cold nuclear matter
arXiv:1305.5516

• same initial-state effects for J/ψ and ψ’

•stronger suppression of ψ’ 

http://arxiv.org/abs/1305.5516
http://arxiv.org/abs/1305.5516
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• breakup with final-state hadrons 
(comovers) ?

• crossing time is very short, 
there is no time for the formation 
of the final states J/ψ and ψ’ 

• data suggests J/ψ and ψ’  can 

be formed differently at 
precursor cc stage-
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VTXFVTX FVTX
PHENIX Future ψ’Measurements

Upcoming measurements at large 
rapidities will scan different 
charmonia crossing times
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STAR

STAR

Phys. Rev. C 87, 044909 (2013)

CNM effects on Upsilon Family

http://prc.aps.org/abstract/PRC/v87/i4/e044909
http://prc.aps.org/abstract/PRC/v87/i4/e044909
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A+A Collisions
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nPDF cannot describe the stronger 
suppression observed at forward 
rapidity in Au+Au collisions

Forward rapidity in Au+Au is a mix 
of small-x, large-x effects which 
cancel out

Eskola, Paukkunen, Salgado, 
JHEP04 (2009) 065

LO

Propagation of 
nPDF+breakup 

to Au+Au
PRC84, 054912 (2011) 

http://link.aps.org/doi/10.1103/PhysRevC.84.054912
http://link.aps.org/doi/10.1103/PhysRevC.84.054912
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Coalescence and Regeneration

•data do not rule out all coalescence scenarios at RHIC
•Looking forward for theoretical estimations at forward rapidity...
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y=0 predictions
Coalecence at freezeout[Greco,Ko,Rapp-PLB595,202]
Transport model[Ravagli,Rapp-PLB655,126]
Coalescence in fireball[Yan,Zhuang,Xu-PRL97,232301]
Coalescence + initial mix[Zhao,Rapp-nucl-th/0806.1239]
Regeneration in fireball[Song,Han-PRC83,014914]
Hydro w/ viscosity T=120MeV[Heinz,Shen]
Hydro w/ viscosity T=165MeV[Heinz,Shen]
Hydro wo/ viscosity T=120MeV[Heinz,Shen]
Hydro wo/ viscosity T=165MeV[Heinz,Shen]

[Yan,Zhuang,Xu-PRL97,232301]!Prompt J/

=200 GeVNNs+X  !J/"Au+Au
PHENIX PRELIMINARY (1.2<|y|<2.2)20-60% centrality

Mid-Rapidity Forward-Rapidity
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Collision Energy Dependence of J/ψ RAA

Using p+p reference from FERMILAB and ISRp+p references for 39 and 62 GeV: CEM
R. Nelson, R. Vogt et al, arXiv:1210.4610

Theoretical curves: Xingbo Zhao, Ralf Rapp PRC82, 064905 (2010)

Mid-Rapidity Forward-Rapidity

•no energy dependence on J/ψ RAA given the current uncertainties

•needs a p+p reference at 39GeV and 62.4 GeV
•coalescence at high energy can reconcile RAA at different energies
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PHENIX

More Curiosities about J/ψ RAA

Log-scale plot suggests more an additional source of J/ψ at 
mid-rapidity
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PHENIX
More Curiosities about J/ψ RAA

There is no final state effect which can explain such a similar RAA 
pattern, unless this is a fantastic coincidence.

Gluon distribution modifications measured in p(d)+A does not 
factorize in Au+Au ?
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Asymmetric Collisions: Cu+Au

participant density 
(log-scale) spectator density

No room for corona effects in central Cu-going direction
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Unmodified suppression in Au-going direction when 
compared to Au+Au

Asymmetric Collisions: Cu+Au
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•stronger suppression in Cu-going direction
•but still not completely suppressed

Asymmetric Collisions: Cu+Au
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Asymmetric Collisions: Cu+Au
More thought about suppression in Cu-going direction:
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Asymmetric Collisions: Cu+Au
More thought about suppression in Cu-going direction:

• initial-state can partially 
describe difference
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Asymmetric Collisions: Cu+Au
More thought about suppression in Cu-going direction:

• initial-state can partially 
describe difference

• J/ψ formed has to cross some cold matter 
(halo in the picture)
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Asymmetric Collisions: Cu+Au
More thought about suppression in Cu-going direction:

• initial-state can partially 
describe difference

• J/ψ formed has to cross some cold matter 
(halo in the picture)

• energy density times crossing 
time slightly larger in Cu+Au than 
Au+Au
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Upsilon Suppression

 scenarios
 RAA~0.64 if ϒ(2S) and ϒ(3S) melt  (no CNM)
 RAA~0.37 if ϒ(2S), ϒ(3S) and χb    (1P+2P) melt  (no CNM)

 needs better handle of CNM and feed-down fractions
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Upcoming Upsilons Measurements
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Upsilons in SPHENIX

Clear separation of the three states
Large acceptance
Similar statistics to LHC
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Upsilons in SPHENIX

Clear separation of the three states
Large acceptance
Similar statistics to LHC
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Conclusions
We have a machine which provide a large degree of 
freedom to study quarkonia in heavy ion collisions

Many complimentary/comparatively new data btw. 
STAR and PHENIX

Large effort to measure excited charmonia and 
bottomonia allowing the use of quarkonia as a QGP 
thermometer

Still needs a better understanding of initial state 
effects and coalescence
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Final-state effects in cold nuclear matter

• charmonium breakup in confined matter depends on 
binding energy
• needs better measurement of χc 
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ψ’ and χc feed-down
suppression

 42±9 %
 (in p+p)

• not clear if there is any 
confined matter in A+A to break 
charmonium as in p(d)+A 
collisions

• but ψ’ and χc   can be totally 
suppressed by color screening

T/Tc1 2 3

χ c

ψ’
J/ψ

hydro at RHIC
4
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Collision Energy Dependence of J/ψ RAA

•x-range coverage changes with energy
•balancing effects should make RAA similar at different energies

X. Zhao,R. Rapp, 
PRC82, 064905(2010)

JHEP04 (2009) 065

1.2<y<2.4 |y|<0.35-2.2<y<-1.2
39GeV
62GeV
200GeV
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System Size dependence

J/ψ suppression seems to scale with number of 
participants for different colliding species


